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UNDERGROUND  STORAGE  OF  NATURAL  GAS 
IN  PENNSYLVANIA 

by  William  S.  Lytle 


ABSTRACT 

At  the  close  of  1960  Pennsylvania  had  61  active  natural  gas  storage  pools. 
The  gas  is  stored  in  depleted  gas  pools  in  rocks  from  Silurian  to  Pennsyl¬ 
vanian  age  from  1,000  feet  to  6,000  feet  in  depth.  The  storage  pools  occupy 
stratigraphic  rather  than  structural  traps  in  Pennsylvanian,  Mississippian,  Up¬ 
per  Devonian,  and  Lower  Silurian  (Medina)  strata.  In  contrast,  the  gas  stored  in 
the  Oriskany  Sandstone  (Lower  Devonian  in  age)  pools  occupies  structural 
traps  consisting  of  elongated  domes  along  the  prominent  anticlines.  (See  Figure 
1  and  Plates  8-14.) 

Pennsylvania  is  the  ranking  state  in  all  phases  of  gas  storage.  The  following 
figures  for  1960  are  published  hy  the  AGA  for  Pennsylvania:  the  maximum  gas 
storage,  485,000,000  Mcf;  total  input,  227,000,000  Mcf;  maximum  daily  output, 
2,859,000  Mcf;  total  output,  177.000,000  Mcf;  and  ultimate  capacity,  497,000,000 
Mcf. 


INTRODUCTION 

Following  the  drilling  of  the  world’s  first  commercial  oil  well,  the 
Drake  Well  at  Titusville,  Pennsylvania,  in  1859,  rapid  discovery  and 
development  of  Pennsylvania’s  oil  and  gas  fields  took  place.  Most  of 
the  state’s  shallow  oil  and  gas  fields  were  discovered  and  developed 
before  the  turn  of  the  century.  Gas  was  piped  5*4  miles  to  Titusville, 
Pennsylvania,  in  1872  and  about  11  miles  from  Murrysville  to  Pitts¬ 
burgh  in  1883. 

To  store  natural  gas  in  the  early  days,  the  natural  gas  industries 
used  gas  holders,  pipelines,  auxiliary  artificial  gas  plants,  and  gas 
wells  which  were  used  only  during  periods  of  peak  seasonal  or  daily 
demand.  In  1915  gas  was  first  successfully  stored  underground  in 
Welland  County,  Ontario,  Canada.  The  second  underground  storage 
of  natural  gas  was  effected  in  the  Zoar  Field  in  Buffalo,  New  York, 
in  1916. 

During  the  First  World  War  serious  natural  gas  shortages  devel¬ 
oped,  and  curtailments  were  necessary.  After  the  war  the  demands 
for  natural  gas  decreased,  and  the  supply  situation  improved,  but 
even  in  these  years  meeting  the  peak  during  periods  of  cold  weather 
was  a  major  problem  of  the  gas  companies.  To  the  operators  of  the 
gas  systems  it  became  apparent  that  storage  pools  were  needed  that 
would  deliver  large  volumes  of  gas  for  a  few  days  at  a  time.  Relatively 
small  storage  pools  were  developed  to  meet  the  situation. 
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There  were  2,045,000  residential  consumers  in  Pennsylvania  during 
1960,  utilizing  232,046,000  M  cubic  feet  of  gas  at  an  average  value 
of  107.1  cents  per  thousand  cubic  feet  (Minerals  Yearbook,  v.  2, 
Fuels,  1960).  Commercial  consumers  totaled  122,000  during  the  year. 
They  used  56,134,000  M  cubic  feet  of  gas  valued  at  85.8  cents  per 
thousand.  Other  users  of  natural  gas  in  Pennsylvania  during  1960 
include  the  producers,  drillers,  refiners,  pipeliners  and  other  industrial 
users.  During  the  year  they  consumed  232,608,000  M  cubic  feet  valued 
at  52.2  cents  per  thousand. 

The  marketed  production  of  gas  in  Pennsylvania  in  1960  amounted 
to  113,928,000  M  cubic  feet  and  was  valued  at  31.8  cents  (average) 
per  thousand  cubic  feet  at  the  well  head.  Interstate  movement  of  gas 
amounted  to  55,962,000  M  cubic  feet  shipped  and  498,607,000  M 
cubic  feet  received.  The  gas  received  came  mostly  from  the  west- 
south-central,  the  south  Atlantic,  and  east-south-central  states  in¬ 
cluding  Mexico,  Texas,  Gulf  of  Mexico,  and  Louisiana.  Consumption 
within  Pennsylvania  amounted  to  520,788,000  M  cubic  feet  or  4*4 
times  marketed  production.  The  estimated  value  of  the  gas  at  the 
points  of  consumption  amounted  to  $418,015,000.00  or  an  average  of 
80.3  cents  per  thousand  cubic  feet. 

The  Central  Kentucky  Natural  Gas  Company  of  Lexington  was  one 
of  the  first  companies  to  utilize  underground  storage  by  developing 
such  storage  in  the  Menifee  Field,  Kentucky,  in  1919.  Pennsylvania’s 
first  storage  project  was  developed  the  following  year  by  the  United 
Natural  Gas  Company  when  it  converted  the  Queen  gas  pool  in 
Warren  and  Forest  Counties  to  a  gas  storage  pool. 

Little  was  done  about  underground  storage  of  natural  gas  in  Penn¬ 
sylvania,  or  in  the  rest  of  the  Appalachian  area,  until  1934  when 
several  storage  pools  were  put  into  operation.  The  rapid  growth  in 
popularity  of  underground  gas  storage  during  the  past  27  years  has 
centered  around  the  depleted  oil  and  gas  fields  in  or  near  the  large 
market  areas.  Today  there  are  61  natural  gas  storage  pools  in  Penn¬ 
sylvania.  Additional  pools  are  under  development.  The  names  and 
locations  of  the  natural  gas  storage  projects  and  the  locations  of  the 
oil  and  gas  fields  are  shown  on  Plate  1. 
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GAS  PRODUCTION  IN  PENNSYLVANIA 

Apparently  the  first  well  actually  drilled  for  natural  gas,  and  used 
for  a  number  of  years,  was  the  well  drilled  at  Fredonia,  New  York, 
about  1824.  The  yearly  charge  for  the  gas  per  house  was  $1.50.  One 
account  states  that  lead  pipe  was  used  for  the  transportation  of  the 
gas.  In  1831  at  Erie,  Pennsylvania,  natural  gas  was  piped  from  a 
spring  through  wooden  pipes  and  burned  in  a  lighthouse.  Pennsyl¬ 
vania’s  first  gas  field  was  discovered  in  Erie  County  in  1860  at  shal¬ 
low  depths  along  Lake  Erie.  This  gas  supplied  several  factories  in  the 
area.  Gas  was  used  to  fire  boilers  to  pump  the  oil  wells  along  Oil 
Creek  in  1862.  In  1867  D.  G.  Stillwell  drilled  a  gas  well  within  what 
is  now  the  limits  of  Oil  City,  Pa.,  and  piped  the  gas  to  a  number  of 
homes  where  it  was  used  for  cooking  and  heating  purposes.  The  New¬ 
ton  gas  well  in  1872  struck  gas  which  was  piped  5  ^  miles  to  Titus¬ 
ville,  Pa.,  by  a  company  organized  for  the  express  purpose  of  trans¬ 
porting  the  gas.  Gas  from  this  well  furnished  fuel  and  light  to  about 
250  customers.  The  first  application  of  natural  gas  to  iron  making 
was  made  by  Rogers  &  Birchfield  in  their  puddling  furnaces  at  Leech- 
burg,  Pa.,  in  1872.  Gas  was  piped  for  19  miles  through  a  6-inch  pipe 
in  1875  from  Lardintown,  Butler  County,  Pa.,  to  the  Spang,  Chalfant 
&  Co.,  iron  works  at  Sharpsburg,  Pa.,  (now  Etna)  and  the  Graff, 
Bennett  &  Co.,  iron  works  at  Allegheny  (now  Millvale),  Pa.  In  1883 
attention  was  directed  towards  supplying  natural  gas  to  Pittsburgh. 
Men  recalled  the  facts  about  the  large  production  of  gas  which  came 
from  the  Haymaker  Well  No.  1  at  Murry sville  when  it  was  drilled  in 
on  November  3,  1878.  New  wells  were  drilled  in  the  Murrysville  area 
and  gas  from  them  and  the  Haymaker  well  was  piped  into  Pittsburgh 
in  1884.  This  gave  the  necessary  boost  to  the  gas  industry  causing  the 
rapid  development  and  use  of  natural  gas. 

No  statistics  were  kept  on  the  quantity  and  value  of  the  natural 
gas  produced  until  1882.  From  1882  to  1906  only  the  value  of  gas 
produced  was  recorded.  From  these  values  it  was  computed  that  the 
peak  year  of  natural  gas  production  in  the  state  was  1888  when  ap¬ 
proximately  241,000,000  Mcf  of  gas  were  produced.  A  secondary  peak 
occurred  in  1906  when  the  production  amounted  to  138,161,385  Mcf. 
From  1906  to  1932  the  production  gradually  declined  to  about 
61,000,000  Mcf.  The  discovery  of  Oriskany  gas  in  the  state  increased 
the  production  to  about  115,000,000  Mcf  in  1937  and  to  over 
158,000,000  Mcf  in  1954.  The  cumulative  total  production  of  natural 
gas  in  the  state  by  the  end  of  1960  was  7,410,420,000  Mcf.  The  reserve 
figure  for  the  same  date  as  published  by  the  AGA  is  1,192,480,000 
Mcf.  During  the  79  years  from  1882  to  1960  inclusive,  the  annual 
natural  gas  production  has  been  below  100,000,000  Mcf  20  times,  but 
has  never  fallen  below  60,000,000  Mcf. 


RELATION  OF  STRUCTURE  AND  STRATIGRAPHY 
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The  amount  of  natural  gas  consumed  in  Pennsylvania  exceeded  the 
volume  of  manufactured  gas  consumed  (on  an  equivalent  heat  unit 
basis)  in  1884.  In  1883  the  volume  of  natural  gas  consumed  was 
approximately  2,500,000  Mcf  while  in  1884  the  consumption  was 
approximately  14,000,000  Mcf.  By  1898  the  use  of  natural  gas  in  the 
state  had  increased  to  over  85,000,000  Mcf  per  year  (Plate  2)  while 
the  use  of  manufactured  gas  had  decreased  to  2,818,952  Mcf  for  the 
year. 

Oriskany  sand  production  (Lower  Devonian)  was  discovered  in 
September  1930  in  Tioga  County.  Discoveries  in  the  deeper  horizon 
have  continued.  Today  a  number  of  these  discoveries  are  gas  storage 
pools.  By  the  end  of  1959  the  Leidy  Field  had  produced  a  cumulative 
total  of  153,500,000  Mcf  of  gas  from  the  Oriskany  sand.  As  of  the 
same  date  the  Benezette-Driftwood  Pool  had  produced  217,000,000 
Mcf  of  gas  from  the  Oriskany.  Exploratory  work  is  continuing  in  the 
deeper  horizons  in  an  effort  to  find  additional  oil  and  gas. 

Since  1921  Pennsylvania  has  consumed  more  gas  than  it  has  pro¬ 
duced.  Until  1943  the  supply  was  augmented  by  gas  from  other  states 
in  the  Appalachian  area.  The  first  deliveries  of  gas  from  the  western 
part  of  the  United  States  took  place  in  1943.  Today  over  one  billion 
cubic  feet  of  gas  are  purchased  daily  by  the  gas  companies  from 
sources  outside  the  state.  The  chief  suppliers  are  Tennessee  Gas  Trans¬ 
mission,  Texas  Eastern  Gas  Transmission,  and  Transcontinental  Pipe¬ 
line.  Plate  3  shows  the  location  of  the  principal  natural  gas  pipelines 
in  the  state.  Most  of  the  gas  brought  into  the  state  has  been  trans¬ 
ported  some  1,400  miles  from  Mexico,  Texas,  Gulf  of  Mexico,  and 
Louisiana.  About  85%  of  the  natural  gas  used  in  Pennsylvania  today 
comes  from  sources  outside  the  state. 


STRUCTURE  AND  STRATIGRAPHY  AS  RELATED  TO  GAS  STORAGE 

The  state  has  been  divided  into  physiographic  provinces  as  shown 
on  Plate  4.  The  largest  of  these,  the  Appalachian  Plateaus  Province, 
is  an  area  in  which  sedimentary  rocks  dip  gently  to  the  south.  In  the 
southeastern  part  of  the  province  the  rocks  have  been  gently  folded 
into  NE-SW  trending  anticlines  and  synclines.  This  part  of  the  prov¬ 
ince  is  known  as  the  Allegheny  Mountains  Section.  The  Valley  and 
Ridge  Province  contains  highly  folded  sedimentary  rocks  ranging  in 
age  from  Cambrian  to  Pennsylvanian.  The  Piedmont  Province  con¬ 
sists  of  highly  contorted  and  altered  sedimentary  rocks  and  some 
igneous  rocks;  a  belt  covering  approximately  the  northern  one  third 
of  the  area  contains  Triassic  sedimentary  rocks. 
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UNDERGROUND  GAS  STORAGE 


The  rocks  exposed  at  the  surface  in  Pennsylvania  range  in  age  from 
Precambrian  to  Recent  (Plate  5).  At  the  present  time  all  of  the 
natural  gas  storage  is  in  sedimentary  rocks  in  the  Appalachian  Plateau 
Province.  Two  storage  areas  lie  along  the  western  edge  of  the  Al¬ 
legheny  Mountains  Section. 


STRATIGRAPHY 

The  succession  and  nature  of  the  formations  underlying  the  Ap¬ 
palachian  Basin  in  Pennsylvania  are  shown  in  Table  1  along  with 
data  pertinent  to  natural  gas  storage.  The  stratigraphic  positions  of 
the  more  important  oil  and  gas  bearing  sands  as  developed  in  Penn¬ 
sylvania  are  shown  in  Plate  6  for  the  part  of  the  column  which 
contains  the  Upper  Devonian  and  in  Plate  7  for  older  producing 
horizons. 

In  central  Pennsylvania,  in  the  closely  folded  Appalachian  Moun¬ 
tains,  the  exposed  Upper  Cambrian  to  Mississippian  section  has  a 
thickness  of  over  30,000  feet.  The  corresponding  interval  in  central 
Ohio  includes  less  than  5,000  feet  of  strata  due  to  the  thinning  of 
many  of  the  formations  westward  and  the  cutting  out  of  others  by 
unconformities. 

The  reservoir  rocks  in  which  oil  and  gas  in  commercial  quantities 
have  been  found  in  Pennsylvania  range  in  age  from  Pennsylvanian 
to  Silurian. 

In  southwestern  Pennsylvania  the  sandstones  in  the  Pennsylvanian 
System  have  yielded  substantial  volumes  of  gas  and  oil.  Gas  is  being 
stored  in  these  sandstones  in  storage  pools  located  in  Greene  and 
Washington  Counties.  In  the  central  part  of  western  Pennsylvania 
these  same  sandstones  yield  fresh  or  brackish  water,  while  in  the 
northwestern  part  of  the  state  they  have  been  eroded  or  were  never 
deposited. 

The  Mississippian  sandstones  have  been  important  sources  of  both 
gas  and  oil  in  western  Pennsylvania.  The  Big  Injun  and  Berea  have 
yielded  considerable  quantities  of  oil.  The  Murrysville  sandstone  at 
the  base  of  the  Mississippian  has  been  a  great  producer  of  gas  and 
is  now  being  used  as  a  storage  reservoir  in  the  southwestern  part  of 
the  state. 

The  major  part  of  the  oil  production  in  Pennsylvania  and  large 
volumes  of  gas  have  come  from  the  Upper  Devonian  sandstones.  The 
Conewango,  Conneaut,  and  Canadaway  Formations  are  contained  in 
this  section.  The  most  important  is  the  Conewango  which  contains  a 
large  number  of  gas  storage  reservoirs.  The  Fifth  sand  is  used  as  a 
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MCDONALD  AREA 

(SOUTHWESTERN  DISTRICT) 


STRATIGRAPHIC  POSITIONS  OF  OIL  AND  GAS  SANDS 

OF  WESTERN  PENNSYLVANIA 


Plate  6. 


16 


UNDERGROUND  GAS  STORAGE 


WESTERN  PENNSYLVANIA 


*  CURRENT  NATURAL  GAS 
STORAGE  HORIZONS 


OBTAINED  IN  JESSIE  G.  HOCKENBERRY  WELL  NO-  I 
MANUFACTURERS  LIGHT  &  HEAT  COMPANY 
MERCER  TOWNSHIP  BUTLER  COUNTY.  PA.  chasrfettm;  iw 


Plate  7. 
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storage  reservoir  in  one  of  the  largest  storage  fields  in  the  state,  the 
Oakford  Field  in  Westmoreland  County.  The  lower  part  of  the  Upper 
Devonian  is  composed  of  unimportant  shales  and  sandy  shales.  Suit¬ 
able  storage  reservoirs  of  Upper  Devonian  age  have  yet  to  be  found 
in  northeastern  Pennsylvania. 

In  the  Middle  Devonian,  the  Onondaga  limestone  and  chert  extend 
at  depth  over  western  and  northeastern  Pennsylvania.  The  Onondaga 
is  gas  productive  in  fracture-type  porosity  in  the  southern  half  of 
the  western  part  of  the  state.  Storage  possibilities  in  this  horizon 
should  be  of  interest  in  the  future. 

The  Oriskany  sand  of  Lower  Devonian  age  is  the  state’s  most  im¬ 
portant  storage  horizon.  It  is  productive  of  gas  in  numerous  areas. 
Although  deeply  buried,  there  are  nine  active  Oriskany  pools  on 
anticlinal  traps  or  up-dip  pinchouts.  More  gas  is  stored  in  the  Oris¬ 
kany  than  in  any  other  horizon.  Other  suitable  reservoirs  on  anticlinal 
structures  are  yet  to  be  developed. 

The  Salina  Group  of  Silurian  age  underlies  the  entire  plateau  area 
of  north-central  and  western  Pennsylvania.  The  Salina  is  composed 
of  beds  of  rock  salt,  individual  salt  layers  ranging  from  less  than  5 
feet  to  nearly  200  feet  in  thickness.  Salt  beds  sometimes  possess  com¬ 
bined  thicknesses  of  over  650  feet  and  occupy  intervals  in  the  Salina 
ranging  from  less  than  50  feet  to  over  1,200  feet.  The  uppermost  salt 
bed  is  encountered  at  a  depth  of  about  2,000  feet  in  Erie  County 
and  approximately  10,000  feet  in  the  synclinal  areas  of  the  Allegheny 
Mountains  Section.  The  thick  salt  deposits  are  suited  for  liquid 
storage  in  washed-out  cavities.  The  beds  are  generally  at  a  depth 
greater  than  other  suitable  rocks  in  the  same  area.  There  is  no  reason 
to  consider  this  group  for  gas  storage  at  this  time. 

The  Medina  Sandstone  of  Lower  Silurian  age  is  of  interest  in 
extreme  northwestern  Pennsylvania  where  the  beds  are  about  3,500 
feet  in  depth.  A  storage  pool  in  Erie  County  utilizes  the  Medina 
Sandstone. 

The  Gatesburg  Sandstone  of  Upper  Cambrian  age  might  become 
important  as  a  storage  reservoir.  Although  at  great  depth,  it  has 
porosity  and  permeability  as  shown  by  its  production  of  saltwater 
when  penetrated.  Possibly  the  Gatesburg  will  be  of  interest  in  the 
future.  This  horizon  has  been  used  in  Missouri  as  a  gas  storage  res¬ 
ervoir  in  an  aquifer. 

The  other  Ordovician  and  Cambrian  rocks  and  the  Precambrian 
rocks  are  of  little  interest  at  the  present.  In  large  market  areas, 
man-made  cavities  in  these  rocks  might  be  used  for  storage  of  natural 
gas. 
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UNCONFORMITIES 

In  the  Paleozoic  section  in  Pennsylvania  there  are  three  uncon¬ 
formities  occurring  between  the  Pennsylvanian  and  the  Mississippian 
Systems,  the  Devonian  and  Silurian  Systems,  and  the  Middle  and 
Lower  Ordovician  Series. 

The  Pottsville  Sandstone  of  the  Pennsylvanian  System  in  north¬ 
western  Pennsylvania  rests  upon  the  Knapp  Formation,  the  basal 
formation  of  the  Mississippian  System,  while  in  southwestern  Penn¬ 
sylvania  the  Pottsville  overlies  the  Mauch  Chunk  Shale,  the  youngest 
formation  of  the  Mississippian. 

Except  for  the  Coastal  Plain  and  Triassic  sediments,  all  rocks 
southeast  of  the  Valley  and  Ridge  Province  are  of  Ordovician  age  or 
older. 

A  section  of  the  Lower  Ordovician,  which  is  represented  by  approxi¬ 
mately  4,500  feet  of  strata  in  central  Pennsylvania,  is  missing  in  deep 
wells  in  westernmost  Pennsylvania. 

STRUCTURE 

Pennsylvania  lies  in  the  Appalachian  Basin,  a  broad  asymmetrical 
structural  trough  or  synclinorium.  The  basin  is  modified  by  a  series 
of  minor  folds  with  axes  trending  northeast  and  southwest  approxi¬ 
mately  parallel  with  the  long  axis  of  the  trough.  On  the  steep  south¬ 
east  limb,  these  consist  of  strong,  well-defined  anticlines  and  synclines. 
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Northwestward  the  intensity  of  the  folding  diminishes  so  that  the 
folds  become  less  prominent  in  the  central  part  of  the  basin  and  dis¬ 
appear  in  the  northwest  part.  The  northwesternmost  major  fold  is 
the  Chestnut  Ridge  Anticline  extending  from  West  Virginia  to  the 
northeast,  diagonally  across  Pennsylvania  to  the  New  York  State 
line.  This  anticline  marks  the  western  boundary  of  the  Allegheny 
Mountain  Section.  The  rocks  in  the  Plateaus  Province  dip  to  the 
south  and  southeast  at  25  feet  to  35  feet  to  the  mile  except  where 
minor  folding  has  taken  place.  Thus  rocks  at  the  surface  in  Erie 
County  are  3,000  feet  below  the  earth’s  surface  in  southwestern 
Pennsylvania. 

It  has  been  revealed  by  deep  drilling  that  the  folds  at  depth  are 
much  more  complex  structurally  than  had  been  anticipated  by  sur¬ 
face  mapping.  The  domes  along  the  anticlinal  axis  at  the  Oriskany 
horizon  have  been  complexly  and  extensively  modified  by  the  com¬ 
monly  northwest-dipping  reverse  faults. 


GAS  STORAGE  PROJECTS  IN  PENNSYLVANIA 

Pennsylvania  had  61  active  natural  gas  storage  pools  or  fields,  both 
shallow  and  deep,  at  the  close  of  1959  (Table  2).  The  natural  gas  is 
stored  in  depleted  gas  pools  in  rocks  from  Silurian  to  Pennsylvanian 
in  age  and  from  1,000  feet  to  6,000  feet  in  depth.  The  storage  pools 
occupy  stratigraphic  rather  than  structural  traps  in  Pennsylvanian, 
Mississippian,  Upper  Devonian,  and  Lower  Silurian  (Medina)  strata. 
In  contrast,  the  gas  stored  in  the  Oriskany  Sandstone  ( Lower  Devon¬ 
ian  age)  pools  occupies  structural  traps  consisting  of  elongated 
domes  along  the  prominent  anticlines. 

Structure  maps  of  the  gas  storage  pools  in  rocks  of  Lower  Devon¬ 
ian  age  or  older  are  published  in  this  report  :  Figure  1,  Corry  Storage 
Field;  Plate  8,  Harrison  Storage  Pool;  Plate  9,  Hebron  Storage  Pool; 
Plate  10,  Leidy  Storage  Field;  Plate  11,  Meade  Storage  Field;  Plate 
12,  Sabinsville  Storage  Field;  Plate  13,  Sharon  Storage  Field;  and 
Plate  14,  Tioga  Storage  Field. 

Leidy  Storage  Field  (Plate  10)  consists  of  the  Leidy  and  Greenlick 
Pools.  Since  the  Greenlick  Pool  was  not  used  for  gas  storage  until 
1961  it  is  not  shown  on  Plate  1  nor  on  Table  2  because  the  data 
shown  on  the  two  illustrations  ends  with  the  year  1959.  The  Green¬ 
lick  Pool  is  not  being  used  at  its  full  capacity.  At  present  the  total 
amount  of  gas  stored  in  the  reservoir,  including  3,550,000  Mcf  of 
native  gas,  is  about  8,550,000  Mcf,  the  cushion  gas  being  6,550,000 
Mcf  and  the  working  gas  2,000,000  Mcf  at  a  rock  pressure  of  944 
psi.  In  Pennsylvania  the  gas  storage  pool  underlying  the  most  acre¬ 
age  is  the  Leidy  Pool  with  15,120  acres  and  a  total  reservoir  capacity 
or  95,000,000  Mcf. 
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Plate 
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Plate  II 
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The  Oakford  Storage  Field  covers  13,548  acres  and  has  a  reservoir 
capacity  of  110,758,000  Mcf.  The  Oakford  Storage  Field  is  in  West¬ 
moreland  County  in  the  southwestern  portion  of  the  state  (Plate  2, 
field  58)  along  the  eastern  flank  of  development  on  the  Grapeville 
Anticline,  a  minor  fold  in  the  Appalachian  Plateaus  Province.  The 
two  principal  producing  sands  in  the  area  are  the  Murrysville  and 
Fifth  sands  which  are  the  gas  storage  reservoirs  in  the  field. 

The  Murrysville  is  the  shallower  of  the  two  sands,  being  1,400  feet 
below  the  surface.  It  is  about  100  feet  thick  with  an  average  pay 
thickness  of  approximately  50  feet.  The  accumulation  of  gas  in  the 
Murrysville  sand  was  due  partly  to  structure.  Gas  accumulated  in  the 
top  of  the  dome,  limited  along  the  axis  of  the  anticline  by  saddles  on 
each  end.  The  low  portion  of  the  structure  is  effectively  sealed  by 
saltwater.  This  sand  is  very  coarse  and  pebbly  and  has  a  porosity  of 
about  20%. 

Depth  to  the  Fifth  sand  averages  2,200  feet.  It  is  about  60  feet 
thick  and  has  20  feet  of  productive  sand  with  an  average  porosity  of 
13%.  The  trap  in  the  Fifth  sand  is  due  to  porosity  being  sealed  on 
its  boundary  by  tight  sand.  The  large  number  of  wells  drilled  in  this 
area  has  established  the  boundaries  of  both  pools. 

The  first  wells  were  drilled  in  the  Murrysville  sand  in  Oakford  in 
1887.  The  rock  pressure  was  600  psi  plus,  and  well  flows  ranged  from 
10,000  Mcf  to  40,000  Mcf  per  day.  Fifth  sand  production  was  dis¬ 
covered  in  1907  with  an  initial  rock  pressure  of  1,100  psi  and  open 
flows  from  20,000  Mcf  to  30,000  Mcf  per  day. 

The  Murrysville  sand  has  a  working  capacity  of  51,408,000  Mcf 
and  the  Fifth  sand  8,952,000  Mcf.  making  a  total  working  capacity 
of  60,000,000  Mcf. 

Natural  gas  storage  figures  for  the  year  1960  as  published  by  the 
AGA  show  Pennsylvania  as  the  ranking  state  in  all  phases  of  gas 
storage:  the  maximum  gas  in  storage,  485,000,000  Mcf;  total  input, 
227,000,000  Mcf;  maximum  day  output,  2,859,000  Mcf;  total  out¬ 
put,  177,000,000  Mcf;  and  ultimate  capacity  497,000,000  Mcf. 


REGULATION  OF  UNDERGROUND  GAS  STORAGE  POOLS 

The  Pennsylvania  Gas  Operations,  Well-Drilling,  Petroleum  and 
Coal  Mining  Act  of  1955,  known  as  Act  225,  relates  to  coal  mining, 
well  operations,  the  underground  storage  of  gas  except  in  storage 
reservoirs  excavated  in  rock  formations  specifically  for  storage 
purposes,  and  the  safety  of  personnel  and  facilities  employed  therein. 

Article  3  of  the  above  act  deals  specifically  with  “Regulation  of 
Underground  Gas  Storage  Pools  in  Certain  Areas.”  Section  301  of 
this  article  is  concerned  with  the  filing  of  maps  and  data  by  persons 
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operating  or  proposing  to  operate  gas  storage  reservoirs  within  three 
thousand  to  ten  thousand  linear  feet  of  an  operating  coal  mine  which 
is  operating  in  a  coal  seam  that  extends  over  the  storage  reservoir  or 
the  reservoir  protective  area.  The  requirements  of  this  section  do 
not  apply  to  the  operator  of  an  underground  gas  storage  reservoir  if 
the  reservoir  is  located  more  than  ten  thousand  linear  feet  from  an 
operating  coal  mine  and  provided  that  a  location  map  of  the  gas 
storage  reservoir  is  filed  with  the  Oil  and  Gas  Division  carrying  out 
the  provisions  of  this  act.  Section  302  requires  the  filing  of  maps  and 
data  by  persons  operating  coal  mines.  Section  303  concerns  notices 
to  be  sent  to  the  Oil  and  Gas  Division  by  persons  operating  coal 
mines  within  2,000  linear  feet  of  a  gas  storage  reservoir.  Section  304 
states  the  obligations  of  persons  operating  storage  reservoirs  which 
underly  or  are  within  two  thousand  linear  feet  of  an  operating  coal 
mine  which  is  operating  in  a  coal  seam  that  extends  over  the  storage 
reservoir  or  the  reservoir  protective  area.  Section  305  has  to  do  with 
the  inspection  of  facilities  and  records,  the  reliance  on  the  most  re¬ 
cent  maps  for  locations,  and  the  burden  of  proving  the  accuracy  of 
the  map  or  data.  Section  306  exempts  certain  types  of  coal  mines 
from  the  provisions  of  the  act,  prohibits  the  injection  of  gas  for  stor¬ 
age  purposes  in  any  workable  coal  seam,  and  makes  sure  that  Article 
3  is  not  construed  so  as  to  prohibit  the  original  extraction  of  natural 
gas,  crude  oil,  or  coal. 

Article  4  of  Act  225  deals  with  “Eminent  Domain”.  Section  401 
of  this  article  provides  that  the  right  of  eminent  domain  shall  not  be 
exercised  to  acquire  for  the  purpose  of  gas  storage  any  geological 
stratum  unless  the  original  recovery  oil  or  gas  reserve  therein  has  been 
depleted  at  least  80%,  until  the  condemnor  has  acquired  at  least  75% 
of  the  area  of  the  proposed  reservoir.  The  right  of  eminent  domain 
cannot  be  exercised  in  any  area  where  gas  is  already  being  stored. 
The  owner  of  nonstorage  strata  in  a  storage  area  may  drill  wells  for 
the  purpose  of  producing  oil  or  gas  from  any  stratum  above  or 
below  the  storage  stratum  so  long  as  the  storage  stratum  is  being 
adequately  protected  to  prevent  the  escape  of  the  stored  gas. 


CONCLUSIONS 

The  completion  of  pipelines  carrying  western  gas  to  the  eastern 
states,  the  depletion  of  our  own  reserves,  and  the  great  market  de¬ 
mand  for  natural  gas  has  stepped  up  the  development  of  natural  gas 
storage  pools  in  Pennsylvania.  Several  storage  projects  are  being  de¬ 
veloped,  but  more  are  needed.  In  western  Pennsylvania,  geologic 
conditions  are  favorable  for  the  economical  storage  of  natural  gas  in 
porous  rocks  of  Pennsylvanian  to  Silurian  age.  Although  most  of 
the  same  rocks  occur  in  the  northeastern  part  of  the  state,  suitable 
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reservoir  rocks  have  not  yet  been  found  in  this  area.  Nor  have  suit¬ 
able  traps  been  found  in  the  southeastern  part  of  the  state.  At  present 
the  only  solution  in  the  southeastern  section  is  man-made  cavities  for 
the  storage  of  gas. 

Where  large  population  centers  and  industries  are  located  in  the 
western  part  of  the  state  we  also  find  natural  gas  reservoirs  at  com¬ 
paratively  shallow  depths.  There  are  a  number  of  oil  and  gas  reser¬ 
voirs  in  this  area  which  are  possible  gas  storage  pools.  The  conversion 
of  some  of  the  present  Oriskany  gas  pools  to  storage  pools  will  in¬ 
crease  the  storage  facilities  considerably. 

Pennsylvania  has  numerous  coal  mines.  As  the  development  of  gas 
storage  in  coal  mines  progresses,  some  of  Pennsylvania's  mines  might 
meet  the  requirements. 
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